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In this thesis, we consider the numerical methods for the classical affine parameterized
inverse eigenvalue problem and the affine parameterized inverse singular value problem and
the sensitivity and second order perturbation expansions of simple nonzero finite generalized
singular values. This thesis is composed of the following four chapters.
In Chapter 1, we briefly review the application background and numerical methods of
general inverse eigenvalue problems and introduce the primary problems.
In Chapter 2, based on the strong semismoothness of eigenvalues of symmetric matri-
ces and the directional differentiability of eigenvalues of symmetric matrices, which depends
on several parameters affinely, we propose a regularized directional derivative-based New-
ton method for solving the affine parameterized inverse eigenvalue problem and globalize
this method by using the directional derivative-based Wolfe line search. Under some mild
conditions, the global and quadratic convergence of the proposed method is established. To
improve the practical effectiveness, we also give a hybrid method, which is composed of
the directional derivative-based Newton method and an Armijo-like line search based on a
merit function for the inverse problem. Under some mild conditions, we also show that the
hybrid method converges globally and locally quadratically. Numerical tests demonstrate
the effectiveness of the hybrid method.
In Chapter 3, we extend the regularized directional derivative-based Newton method
to the inverse singular value problem. Under some mild conditions, we also show that the
proposed method converges globally and locally quadratically. Numerical tests show the
effectiveness of our method.
In Chapter 4, we study the sensitivity and second order Taylor expansions of simple
nonzero finite generalized singular values of a complex matrix pair, which is analytically
dependent on several parameters. We provide the explicit expressions for the first order
derivatives of simple nonzero finite generalized singular values of the complex matrix pair
and associated generalized singular vector set. We also give the second order partial deriva-
tives of simple nonzero finite generalized singular values of the complex matrix pair. This is
very useful for estimating the sensitivity and the second order Taylor expansions of simple
nonzero finite generalized singular values. Our results generalize the sensitivity analysis
given by Sun (1988) for simple nonzero singular values.
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In 表示 n阶单位矩阵,简记为 I .
0s×t 表示 s× t的零矩阵的全体.
ej 表示 n阶单位矩阵的第 j 列.
AT 和 AH 分别表示矩阵的转置和共轭转置.
Mm×n 表示m行 n列的实矩阵的全体.
Sn 表示 n行 n列的实对称矩阵的全体.
Cm×n 表示m行 n列的复矩阵的全体.
O(n) 表示 n行 n列的正交矩阵的全体.
∥ · ∥ 对于向量,表示 Euclidean范数;对于矩阵,表示谱范数.
κ(X) 表示谱条件数,也就是 ∥X∥∥X−1∥.
λj(A) 表示矩阵 A的第 j 大特征值,其中 A ∈ Sn.
σj(A) 表示矩阵 A的第 j 大奇异值,其中 A ∈ Mm×n.
σ{A,B} 表示矩阵对 {A,B}的广义奇异值的全体,其中A,B ∈ Cm×n.
tr 表示矩阵的迹.
⊗ 表示 Kronecker乘积.
λ∗ λ∗ = (λ∗1, λ
∗




1 ≥ λ∗2 ≥ · · · ≥ λ∗n是 n个实数.
σ∗ σ∗ = (σ∗1, σ
∗




1 ≥ σ∗2 ≥ · · · ≥ σ∗n 是 n个非负
实数.
U(c) 表示 U(c) = [u(1)(c), . . . , u(n)(c)] ∈ O(n) 的全体, 其中
u(j)(c)是 A(c)的属于特征值 λj(A(c))的单位特征向量.
P(c) 表示 P (c) = [p(1)(c), . . . , p(n)(c)] ∈ O(m) 的全体, 其中
p(j)(c) 是 B(c) 的属于奇异值 σj(B(c)) 的单位左奇异向
量.
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